A total of 74 patients, older than 15 years, were treated in our institution between April 1990 and March 2006 for newly diagnosed LODGs. After surgery, 43 patients were treated with immediate RT with a total dose of 54�55.8 Gy with 1.8 Gy fractions (RT group) and 31 patients were followed with no adjuvant RT (OP group). All patients were closely observed until tumor progression or death with frequent work-ups including neurological examinations and MRI. Primary endpoints were overall survival and progression-free survival. The median follow-up duration of survivors was 6.2 years in the RT group and 5.8 years in the OP group.
The Role of Radiotherapy in the Treatment of Newly Diagnosed Supratentorial Low-grade Oligodendrogliomas: Comparative Analysis with Immediate Radiotherapy versus Surgery Alone I n t r o d u c t i o n
Oligodendrogliomas are the second most common form of gliomas that are encountered in adults. The proportion of oligodendrogliomas may represent as many as 2% to 4% of primary brain tumors and 25 to 33% of glial tumors (1) (2) (3) (4) . Low-grade oligodendrogliomas (LODGs), World Health Organization grade 2 tumors, represent 2.7% of glial tumors (5) . As oligodendrogliomas are infiltrative and poorly demarcated from the surrounding neural tissue, total resection is often not feasible and effective adjuvant treatment might be required. Although many treatment recommendations have been based on studies for low-grade gliomas (6) (7) (8) where the use of an appropriate dose of radiotherapy (RT) could prolong progression-free survival but not overall survival, the optimal management of LODGs remains controversial.
The objectives of this study were to evaluate long-term results and to analyze the benefit of immediate operative RT for the improvement of outcome of patients with an LODG. 
M a t e r i a l s a n d M e t h o d s

Patients
We retrospectively reviewed 74 consecutive patients older than 15 years with a previously untreated LOGD at a supratentorial location. Ineligibility criteria were the presence of an infratentorial or disseminated disease (including gliomatosis cerebri), treatment at another institution and a previous diagnosis of other cancers. Between April 1990 and March 2006, the diagnosis of LODG according to the WHO Classification was confirmed in 105 patients; 23 patients were younger than 16 years, six patients had infratentorial or disseminated disease and two patients were excluded from the analysis due to lack of completion of radiotherapy and early followup loss. The investigational review board of the hospital approved the clinical medical records review and the study protocol.
An initial clinical work-up was performed with a physical and neurological examination and all patients underwent a baseline MRI scan. All patients underwent a biopsy or tumor removal and diagnoses were confirmed after pathological examinations. The Karnofsky Performance Scale was used to evaluate the postoperative performance status. The extent of resection was mainly based on the description of the surgeon, as postoperative images were not available for all cases. The extent of resection was categorized as a biopsy, partial removal (less than 50% of tumor removal), subtotal removal (50�95% of tumor removal) and gross total removal (more than 95% of tumor removal).
Treatment
Of the 74 eligible patients, 31 patients were treated with surgery alone (OP group) and 43 patients were treated with the use of immediate radiotherapy (RT group). In the OP group, two patients underwent a biopsy and two patients underwent partial removal of the tumor. The patients were closely observed until progression and were salvaged with RT or surgical removal of tumors. In the RT group, there were 10 patients diagnosed with the use of a biopsy alone and one patient underwent partial removal of the tumor. Only two patients received first-line chemotherapy (procarbazine, lomustine and vincrisine-PCV) and all of the patients underwent RT.
Radiotherapy
Radiotherapy was administered five days a week using a continuous course of treatment with photons produced with a megavoltage linear accelerator. Most patients (86%) started radiotherapy within six weeks after a histological diagnosis. The total radiation dose ranged from 54 to 55.8 Gy, with a median dose of 54 Gy using a conventional fractionation schedule of 1.8 Gy per fraction per day. RT fields encompassed the postoperative tumor volume and tumor bed (as defined by a CT or MRI scan) with a 2-cm margin. Depending on the tumor location and size, patients were treated with different techniques, such as two parallel-opposed fields, two angled fields with a wedge filter or multiple convergent fields.
Statistical analysis
The endpoints of this study were overall survival and progressionfree survival. The follow-up period and time to death or progression were measured from the date of surgical diagnosis. If there was any evidence of tumor growth as determined on the imaging work-ups, tumor growth was defined as tumor progression without regard to the development of symptoms or signs. Survival rates were calculated using the Kaplan-Meier method. The log-rank test was used for univariate analysis, and the Cox proportional hazard model was used for multivariate analysis. All statistically significant prognostic variables by the use of univariate analysis were included in the multivariate analysis. Statistical analysis was performed using SPSS version 17.0 (SPSS, Chicago, IL) and differences were considered statistically significant for p＜0.05 (two-sided test). Table 1 . At baseline, the OP and RT group patients did not differ with regard to the Karnofsky performance status, seizure development, tumor size and tumor enhancement. Of the 74 patients, 42 patients were men and 32 patients were women. The differences in the male to female ratio and the median age between the OP and RT group patients were statistically significant. In the RT group, there were more males (p=0.002) and older (p=0.028) patients. Tumors occupying the frontal lobe were more common (p=0.05) and gross tumor removal was performed more frequently (p=0.003) in the OP group.
Survival and prognostic factors
Survival at five years and 10 years from the time of diagnosis were 88% and 43% for the OP group, respectively, and 95% and 73% for the RT group, respectively. Median survival was 9.8 years (95% confidence interval-CI, 5.4�14.2 years) in the OP group versus 14.9 years (95% CI, 12.6�17.1 years) in the RT group; no difference in survival was observed with the use of the log-rank test (p=0.141) (Fig. 1) . However, patients in the RT group had a longer period of progression-free survival as compared to patients in the OP group (p=0.004) (Fig. 2) . Median progression-free survival was 4.6 years (95% CI, 3.2�6.0 years) in the OP group versus 13.2 years (95% CI, 7.5�18.9 years) in the RT group.
Univariate analysis of all patient-related and tumor-related variables determined that tumor size and extent of tumor removal were significant prognostic factors for overall survival ( Table 2) . Based on multivariate analysis using a model with five factors that were entered for a significance level of p＜0.15, improved survival was significantly associated with a good performance status (p=0.018), smaller tumor size (p=0.03) and gross tumor removal (p=0.003); however, patients undergoing immediate RT had a marginal significance (p=0.082). With regard to progression-free survival, the use of univariate analysis confirmed that an initial presentation of seizure, tumor size and undergoing immediate RT had prognostic significance ( factors were entered in the model for a significance level of p＜0.15 and the extent of tumor removal was considered to have an impact on progression-free survival. Gross tumor removal (p=0.035) and undergoing immediate RT (p=0.001) were confirmed as independent prognostic factors for progression-free survival.
Salvage treatment
Disease failure occurred in 15 patients after RT and most patients (n=13) were salvaged with the use of an aggressive modality including re-irradiation in 10 patients, chemotherapy in six patients and surgery in six patients. The chemotherapy regimen included procarbazine, lomustine and vincrisine (PCV) in most patients unless the agents had been previously administered. In the OP group, 15 patients experienced failure and 14 patients were treated with additional modalities, including RT in 11 patients, chemotherapy in eight patients and surgery in seven patients. The response rate after salvage was 38% in the RT group and 64% in the OP group.
Complications of RT
In general, immediate RT was tolerable in patients. Acute minor complications were noted during RT or within six months after RT. The most commonly reported toxicities were nausea and vomiting (26%), anorexia (16%), headache (14%) and otitis (9%). Five patients presented with long-term sequelae that interfered with daily life activities, including two patients with radiation demyelination. Severe radiation toxicity, defined as grade 3 to grade 5 central nervous system (CNS) toxicity, was not observed during RT or after RT.
D i s c u s s i o n
This study has shown that immediate RT in adult patients with a supratentorial LODG increased the median progression-free survival by nine years, without severe CNS sequelae. Moreover, there was a trend towards better overall survival with the use of immediate RT. The absence of an overall survival benefit for the use of immediate RT is probably due to the effectiveness of salvage RT. For tumor progression, 11 (73%) of 15 patients who had been treated with surgery alone at the time of initial presentation received salvage RT.
Overall survival at five years after RT was 95% and five-year progression-free survival was 81%. We believe our results are comparable to the best results that have been previously reported. Five-year overall survival rates have ranged from 51% to 89%, and 10-year survival rates have ranged from 29% to 85% in a series of LOGDs treated with surgery and radiotherapy (4, (9) (10) (11) (12) . One possible explanation for the high overall survival rates in our study is that aggressive salvage treatments were performed in most patients with recurrence in our study. Treatment results and the salvage rate in our series are similar to findings reported from the Memorial Sloan Kettering Cancer Center (12) , where the best reported overall survival rate has been demonstrated. In that study, recurrence was diagnosed in 72 patients (68%) and treatment utilized at the time of first recurrence was chemotherapy in 32 patients, radiochemotherapy in 16 patients, radiotherapy in 13 patients and surgery alone in nine patients; most patients received PCV chemotherapy.
In our study, all patients had undergone MR imaging at the time of the initial presentation. As MR imaging is the most sensitive test available to diagnose brain tumors, the use of MRI is probably the investigation of choice. Moreover, the RT field was determined using an MR image; enhancing lesions and suspicious abnormalities as seen on T2-weighted images or fluid attenuated inversion recovery (FLAIR) images were considered as tumors. As tumor cells of an oligodendroglioma are likely to extend beyond MRdefined abnormalities (13) , the use of MR for gross tumor volume delineation and addition of an adequate margin probably guaranteed more accurate targeting of tumors as compared to the use of CT based treatment. For the monitoring of brain tumors, in the same manner, it is crucial to identify progression or treatment failure early during follow-up to change treatment schemes and thereby to optimize patient outcome. Frequent use of MR during follow-up in this study probably helped to provide optimal salvage treatment.
An LODG is a radio-responsive tumor and it can be assumed that immediate RT in patients with an LODG is beneficial when added to surgery. However, a good radiation response may not be translated into an advantage in overall survival. The series studied by Bauman et al. demonstrated no statistically significant association between RT response and progression-free survival of patients with a low-grade glioma (14) . More importantly, in the milestone EORTC 22845 randomized trial, immediate RT after surgery prolonged progressionfree survival but did not affect overall survival (7). Indeed, RT was usually performed after surgery in LODGs as a standard treatment, but evidence for efficacy of RT for LODGs has not been well established as for low-grade gliomas. In some studies, an overall survival advantage has been shown with RT after surgery (15) or for patients who had undergone subtotal resection (16, 17) . In our study, there were more males, older patients and more residual tumors in the RT group as compared to the OP group. With regard to these worse factors, a definite benefit in progression-free survival and marginally better overall survival seemed to provide some evidence of the efficacy of the use of immediate RT.
The most frequently identified prognostic factors for LODGs are age (18) , tumor size (12), performance status (19) , hemiparesis (4) and the use of postoperative RT (20) . Yeh et al. have suggested that a benefit for postoperative RT exists regardless of the extent of surgical resection (21) . These investigators reported better progression-free and overall survival with RT based on the use of multivariate analysis. It is noteworthy that all (n=52) patients in that study had supratentorial LODGs without exception. The use of immediate RT was associated with better overall and progression-free survival in the present study.
Multivariate analysis also showed a significant correlation between the use of immediate RT and better progression-free survival; marginal significance for overall survival was demonstrated. The most powerful factor to predict overall survival was the extent of surgery.
Severe or fatal CNS toxicities were not observed during or after RT in this study, perhaps due to the low daily-administered dose and the total dose. As shown in prospective trials, the incidence of radionecrosis has been reported below 2% with moderate doses of RT ranging from 45 Gy to 54 Gy with the use of 1.8 Gy daily fractions. Late neurocognitive defects of patients after RT of the CNS are well documented. The EORTC trial that compared low versus high dose RT in low-grade gliomas reported an analysis of quality of life (22) . Patients treated with a dose of 59.4 Gy were reported as having a lower functional level as compared with a dose of 45 Gy. Recently, a large sized survey on cognitive deficits in progression-free survivors of low-grade gliomas failed to confirm an association between RT and cognitive deficits (23) . Only a fraction size greater than 2 Gy and treatment with anti-epileptic drugs was associated with cognitive dysfunction in patients.
Deferring RT until recurrence or progression is a viable option in patients with a good prognosis after cytoreductive surgery. This situation delays any potential side effects of radiation until treatment is clearly necessary. A report from the University of Florida has suggested that deferred treatment (surgery and/or RT) until symptomatic progression does not compromise outcome for selected patients with oligodendrogliomas (24) . Favorable overall survival in patients with deferred-treatment was predictable for patients who were diagnosed at a young age, presented with seizures alone and for patients with good performance status in that study, although the number of patients was insufficient to provide a conclusive recommendation. In addition, many current ongoing treatment protocols follow a treatment strategy that shows a clear trend toward treatment delay, deferring intervention until tumor progression. However, fear that RT increases CNS toxicity is controversial; as demonstrated in our study, the potential benefit of immediate RT should be considered when RT is indicated for patients with LODGs.
C o n c l u s i o n
Our findings suggest that immediate RT is beneficial for patients with a supratentorial LODG for the improvement of progressionfree survival and overall survival without severe RT-induced adverse effects. Immediate postoperative RT can therefore be implemented as an effective and safe modality in LDOG therapy. However, to define clearly the potential benefit for overall survival, randomized studies are needed in the future.
